Abstract-In some portfolio decision problems it is not possible or interesting to constrain portfolios with a monetary budget. Instead it might be of interest to investigate how disagreement among a group of decision makers or stakeholders can be used as a constraint, and how this affects the portfolio composition. In this paper we present complementary decision evaluation methods for group portfolio decision analysis in situations where the stakeholders have conflicting preferences. The approach supports the analysis of a portfolio of planned actions in urban planning when a large group of stakeholders have inconsistent opinions with respect to the performance of each action. The group of stakeholders is, for each criterion, partitioned into two disagreeing groups based upon their views on the actions' performance. The distance between these two groups is then measured. An action's aggregated disagreement taking into account all criteria is then used as the action's associated resource constraint, and portfolios can be generated by solving a sequence of Knapsack problems. The robustness of the portfolios can be further evaluated with an a priori sensitivity analysis. The suggested approach supports decision makers by elucidating how the portfolio composition changes when the actions' aggregated disagreement increases.
I. INTRODUCTION
This paper presents complementary decision evaluation concepts for group portfolio decision analysis. The rationale behind the concepts put forward is based on the existence of multi-criteria decision problems where the available actions are not mutually exclusive, and where there is a strong need for modeling and analysis of several stakeholder groups with differing preferences, cf. [1] , [2] . Decision makers and/or stakeholders with differing preferences may lead to situations involving conflicts, which in turn may cause severe delays in the decision-making and planning process. Two recent examples of this within the context of urban planning are the development plans of Husby, a suburb of Stockholm, where the plans were delayed for several years [3] , and the Swedish municipality Nacka where three infrastructure decision problems were delayed for several years [1] , [2] .
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One way of approaching these multi-stakeholder problems with multiple non-mutually exclusive actions is to treat them as Portfolio Decision Analysis (PDA) problems. A portfolio typically consists of a set of planning actions, where each action has a value and an associated resource claim, such as a cost. The portfolio is then constrained by an overall cost budget, and possibly with additional constraints as well. This means that not all actions can be included in the portfolio, see e.g. [4] - [9] .
However, in some situations it is not feasible to assign a cost to each action. Besides lack of cost information, it may sometimes not be ideal to use cost budget as the constraining resource. For instance, in previous research [10] we have noticed situations where the decision makers want to identify a subset of all tentative actions. These tentative actions are not necessarily described in detail, and properties such as timeframes or costs are absent. The interests here is rather to avoid time-consuming conflicts by, 1) investigate the stakeholders' disagreement with regard to each action, and 2) investigate how portfolios can be generated that elucidate how conflicting preferences affect the portfolio composition To facilitate the decision process in such situation, each action should be associated with an indicator of its level of controversy. This "disagreement measure" should quantify the stakeholders' disagreement on that action. This information enables the selection of a portfolio of actions where the levels of total disagreement are not too high.
By using PDA techniques on group decision-making problems in the analysis of several combinations of several projects instead of analyzing them individually, increase the chances for compromises [11] . Different PDA techniques have been suggested, e.g., the Robust Portfolio Modeling (RPM) [4] , [5] method which solves a multi-objective zeroone linear programming problem in the generation of portfolios. The method handles incomplete project scores with regard to each criterion, project costs and criterion weights. In [12] a group PDA method, which supports the development of shared action agendas of topics are developed. The topic, in their context, is a tentative proposal as opposed to an alternative in classical decision analysis. The method handles incomplete criterion weights and topic values for each criterion. Another method is PDELTA [8] , [9] , which is a PDA extension of the DELTA method, see e.g., [13] , [14] . PDELTA handles incomplete project utilities for each criterion, project costs and criterion weights, and generates portfolios by solving a Knapsack problem. Moreover, the PROBE method [7] , handles imprecise action values for each criterion, action costs and criterion weights.
PROBE solves a Knapsack problem in the generation of portfolios.
Although previous PDA methods have constrained portfolios with resources such as a budget and other constraints e.g., [4] , [5] , [7] - [9] , [12] , to the best of our knowledge, no studies have used stakeholder disagreement as a constraint. We suggest a method for portfolio decision analysis, to be used in situations with multiple stakeholders, multiple actions, and when it is important to elucidate how disagreement between stakeholders affects the portfolio composition.
With respect to group decisions, Ref. [15] discussed multiple criteria approaches to group decision and negotiation. The goal of group decision and negotiation is to provide suitable procedures for decision-making, and to study the many issues, which may occur. A group decision problem is associated with several interested parties where the goal is to make a responsible choice, as opposed to negotiation, where the concerned parties may not be able to make final choice.
Further, [15] described, that the use of multi-criteria decision analysis (MCDA) techniques in group decision and negotiation presupposes that the sets of alternatives and criteria are given, and preference elicitation with succeeding aggregation of preferences can be performed by some welldeveloped MCDA technique. Direct application of MCDA techniques may not be possible due to the absence of unified collective preference. They recommended that criteria and individuals should be considered as separate entities to avoid well-known voting paradoxes. Group decision support methods, according to their opinion, can be divided into two categories. The first category is based on procedures, and the second is based on optimization and aggregation. With respect to the first category, it is the interaction between the decision maker and the group that enables the generation of new ideas and minimizes disagreement between groups. By contrast, the second category does not require any interaction between a decision maker and members of groups. It rather implies the design and implementation of an optimization model, where various aggregation approaches can be based on e.g., fuzzy logic, interval relations and probability, and the Dempster-Shafer theory.
Ref. [16] described how a multi-phase approach for flat sharing and how it was applied in a case study. The purpose of this multi-criteria approach is to help partners in location problems. The approach involves the following five steps; i) to use brainstorming while structuring the problem, ii) an individual ranking, iii) a grouping of partners by a hierarchical clustering, iv) a ranking of each group and v) negotiation. In the first phase, brainstorming can be adopted in order to generate a list of alternatives. In the second phase, the PROMETHEE method was used to individually rank the alternatives. They mention that their multi-criteria method does not require a normalization of scores, which in turn can lead to different ranking. However, this method requires a definition of a preference function by a decision maker. In the third phase, the partners are divided into smaller classes according to similarity of preferences. Both hierarchical and the partitional clustering algorithms can be used in the grouping phase. In the fourth phase, a group ranking of each group is obtained by using PROMETHEE II where each decision maker was given the same weight. Finally, in the fifth phase, negotiation, e.g. a Geographical Information Systems may aid the process.
Ref. [12] suggested a method for portfolio decision analysis with the aim of guiding the development of agendas in presence of incomplete group preferences. They built a portfolio model for the development of shared action agendas. In their study, the process of developing agendas is supported by MCDA techniques, which allow taking into consideration preferences of group members. The multicriteria framework is based on the additive multi-attribute value function. Incomplete information about criterion weights, scores, and group weights are modeled by set inclusion. The set inclusion implies the set feasible scores, the set of criterion weights and the set of group weights. The information about scores is expressed by interval statements and preference statements which are converted into sets of linear constraints on weight. Further, they suggested the use of four performance measures in order to compare nondominated portfolios in the view of acceptability of topics to various group members. These performance measures are minimum value, maximum regret value, acceptability index, and weak acceptability index. Computation of the nondominated portfolios set requires solving a multi-objective zero-one linear programming problem, where the objectives are the number of extreme points of auxiliary variables' set. The suggested framework is an iterative and interactive process allowing implementing the group members' preferences. Moreover, the framework is able to demonstrate the influence of preferences on the decision recommendation. The interactive process starts with determination and evaluation of action topics by stakeholders through interactive workshops or using a webplatform. The negotiation phase of the interactive process is based on an analysis of individual and group non-dominated portfolios, a creation of the set of recommended portfolios and subsequently discarding some portfolios from this set. Non-dominated portfolios with a high weak acceptability index are possible candidates since these portfolios are in core or borderline for many group members. Authors conclude that developed methods for agenda building processes are transparent at the level of individual group members as well as at the level of the whole group. Additionally, the overall accessibility of portfolios can be examined from various points of view through portfoliolevel performance measures.
II. A METHOD FOR PARTICIPATORY PDA

A. Eliciting Stakeholder Preferences
In our approach, the stakeholders' preferences are elicited by using a web-based questionnaire. We assume that; i) all stakeholders are equally important, ii) the stakeholders' preferences are independently stated, iii) the stakeholders' preferences are not influenced by other stakeholders, iv) that the questionnaire is self-explanatory. The questionnaire consists of a set of focus areas, each consisting of a set of actions. A focus area is an area of improvement, and can be considered as one criterion. The actions under a focus area are the suggested actions that may improve it. For instance, in the area "Development", possible actions are, "Build apartments in the city center", and "Build apartments by the seashore".
Slovic et al. [17] , describe that affect is an important factor in decision making, and state that, "'affect' means the specific quality of 'goodness' or badness' i) experienced as a feeling state (with or without consciousness) and ii) demarcating a positive or negative quality of a stimulus.". Based on this, Ref. [18] suggests that affect is bipolar, and that we therefore should be able to express our preferences on such a scale.
The scale we use is the bipolar univariate model [18] . A bipolar univariate scale can typically range from [-1, 1], and is divided into three sub-intervals each associated with one type of affect; negative, neutral, and positive. Positions on the scale with a value lower than zero are associated with negative affect and the zero value is interpreted as neutral affect. Values greater than zero are associated with positive affect.
In our design, each stakeholder's preferences with respect to each action are expressed on this scale. The midpoint (neutral affect) is called the neutrality threshold t, communicating that the actions placed there are not considered to improving the focus area, nor to be counterproductive. This enables us to partition the stakeholders into two groups, one group holding the stakeholders with negative affect and one with the stakeholders with positive affect towards the action with respect to each focus area.
B. Measuring Stakeholder Disagreement
We assume a finite set of actions A = A VA i
Note that we do not normalize the value by the number of stakeholders. We instead add each stakeholder's value for an action into an overall estimation, or in the words of Bentham [19] 
Having this information, for each action A i , we create two value ranges for each criterion G k . one range for each of the two groups. These are labeled as the con-support S C and prosupport S P respectively and are given from the minimum and maximum stakeholder part-worth utility, i.e. the weightvalue products, see (1.3). Thus, the average con-and pro-indexes are the arithmetic mean of the part-worth utility for each of the two stakeholder groups. Another interpretation is that the conand pro-indexes represent a conditional expected value of the part-worth utility x such that c ik = E(x | x < 0) and p ik = E(x | x > 0). 
International Journal of Innovation
, Management and Technology, Vol. 7, No. 1, February 2016 Then the con-group R 11 − and pro-group R 11 + for action A 1 and criterion G
C. Disagreement Constrained Portfolio Generation
The portfolio with the highest value while maintaining a predefined resource constraint is given by solving the Knapsack problem [20] , in Eq. (1.6). A portfolio P of actions is a subset of all actions A ( P ⊆ A ). The total portfolio disagreement index is given by summing all actions' total disagreement indexes, see Eq. 
An efficient portfolio P dominates a portfolio P ' when it both has a lower total portfolio disagreement index T p < T p' , and a higher overall utility,
Efficient portfolios within the range 0,
generated by the same approach as in Refs. [7] , [8] . Eq. and for each succeeding run B is set to the total disagreement index value of the latest generated portfolio with a small numerical value subtracted.
D. A Priori Sensitivity Analysis
The robustness of the solution can be evaluated by conducting an a priori sensitivity analysis by generating portfolios where the actions disagreement indexes are set to either their minimum or to their maximum values instead of using the average pro-or con-index, see (1.3) . This analysis elucidates how the additive disagreement indexes affect the portfolio composition, when they are set to their extreme values. We first denote the border points of the con-support 
The minimum and maximum disagreement portfolios are then generated by Eq. (1.6) with each action's total disagreement index either set to its minimum or maximum.
III. AN ILLUSTRATIVE EXAMPLE
Web-based questionnaires are one approach to reaching a large number of citizens to elicit opinions regarding actions under decision. Such a questionnaire is ideally structured so that each question corresponds to one criterion. The performance of an action with regard to a criterion can then be evaluated under each question. Since affect has a bipolar nature [18] , it is natural to let the stakeholders input negative, neutral or positive preferences. This makes it possible to measure disagreement among stakeholders, i.e., to identify actions that might lead to conflicts. Further, in a situation where the goal is to select a subset of all actions, we can use this disagreement measure to create portfolios with varying degree of disagreement. In the following small-scale example (A, B and C), we illustrate the use of this approach. Here, the questionnaire consists of two questions (criteria) under which six actions are evaluated by ten stakeholders.
A. Generation of Portfolios
The procedure consists of four steps; i) preference elicitation, ii) calculation of each action's associated value and its con-and pro-indexes, iii) calculation of each action's associated disagreement, iv) generation of portfolios.
In the first step, ten stakeholders S 1 ,..., S 10 { } estimate the value v of the actions with regard to the two criteria, G 1 and G 2 . The elicitation is conducted using a bipolar univariate scale ranging from, 0 to 100, with a neutrality threshold at 50. See Table I for the stakeholders' preferences. In the second step we calculate the value of each action and the con-and pro-indexes for each action. Each action's value is given by Eq. (1.1). The calculation of the con-and pro-indexes is divided into two steps. First, for each alternative and criterion we divide the stakeholder set S into two disagreeing stakeholder subsets R ik − and R ik + (Eq. (1.2) ).
For example, the con-group and pro-group for action A 1 under criterion G 1 are
Second, we calculate the con-index c 11 and the pro-index p 11 of each of the two groups. For ease of presentation, we assume that both criteria are equally weighted such that Table II. In the third step we calculate the total disagreement for each action (Eq. (1.5) ). The additive disagreement d ik for Table II .
In the fourth step we generate a set of portfolios by solving the Knapsack problem in Eq. Table III shows the 18 portfolios, including both the empty and the full portfolio, and the respective portfolios composition of actions. The value 0 denotes that the current action is not included in the portfolio and 1 denotes that the action is included. Note that the portfolio composition changes when the additive disagreement increases. The overall portfolio utility and disagreement decrease towards the empty portfolio.
B. Analysis of Results
We can now evaluate the robustness of the generated portfolios, for instance by using the concept of the Core Index (CI) [4] , [5] . CI describes an action's degree of inclusion in a set of portfolios, in the range zero to one. A CI of zero denotes an exterior action that is not included in any portfolio. An action included in all portfolios is denoted as a core action and has a CI of one, and an action with a CI in between zero and one is denoted as a borderline action. International Journal of Innovation, Management and Technology, Vol. 7, No. 1, February 2016 In the example, all generated actions are borderline actions, see Table III Table IV showing the minimum and maximum con-index, minimum and maximum pro-index, minimum and maximum additive disagreement index, and the minimum and maximum total disagreement index. We then generate two sets of portfolios by solving Eq. (1.6) for different values of B. The first set is generated by using the actions' minimum disagreement indexes and the second set -by using the actions' maximum disagreement indexes. Table V shows the set of portfolios generated with each action's total minimum disagreement index. A total of 11 portfolios was generated, including the portfolio where all actions are included and the empty portfolio without any actions. The overall portfolio utility and disagreement decrease towards the empty portfolio. A zero in the table denotes that the action is excluded and 1 that the action is included. The Core Index calculations did not include the portfolio with all actions and the empty portfolio. The actions with the highest core indexes are as previously action A 1 with CI of one (included in all portfolios), and A 3 with a CI of 0.89. This is followed by A 2 and A 5 with CI 0.56, and A 6 and A 4 with CI 0.22.
The second set of portfolios is generated by using the actions' maximum disagreement indexes (Table VI) , generating a total of 14 portfolios, including the portfolio where all actions are included and the empty portfolio without any actions. The overall portfolio utility and disagreement decrease towards the empty portfolio. The Core Index calculations did not include the portfolio with all actions and the empty portfolio. International Journal of Innovation, Management and Technology, Vol. 7, No. 1, February 2016 We can extend this analysis by calculating the CI over all three sets of portfolios. The action with the overall highest CI is then A 3 with CI 0.92 followed by A 1 with CI 0.78, A 5 with CI 0.46, A 2 with CI 0.41, A 4 with CI 0.35 and A 6 with CI 0.30.
IV. CONCLUDING REMARKS
We suggested an approach to participatory group portfolio decision analysis, where information about preferences from diverse stakeholders is present, and the identification portfolios with different levels of disagreement are of interest. For each action that could be part of the portfolio, the stakeholders are divided into two groups for each criterion. The partition is based upon the stakeholders' opinions as of whether they believe the action contributes to the decision objective or if it is counter productive. The distance between the preferences of the two groups on the criterion level is captured by the additive disagreement index, aggregated into a total disagreement index for each action. The efficient portfolios are generated by solving a sequence of Knapsack problems, where for each run the value of the resource constraint is decreased to a value slightly lower than the sum of the previous portfolio's total disagreement indexes. The stability of the solution is then evaluated by a priori sensitivity analysis.
Of concern for future work is to incorporate disagreement measures in multi-stakeholder decision problems, especially in urban planning decision situations, and the development of an approach for a priori sensitivity analysis. The approach is to be complemented with supportive features enabling for gathering of preference information from stakeholders. The preference information in the form of action values and criteria weights can be gathered through web-based questionnaires, and the interaction among the stakeholders and the decision makers can be conducted with web-based approach. The method is then to be implemented in ICT tools for group portfolio decision analysis targeted for use in the public sector. The approach can then be applied in a case study of public planning, and involve stakeholders in the decision process for the identification of planned courses of direction that will cause controversy among the stakeholders or citizens.
